Nanomesoporous silica SBA-15 was prepared by hydrothermal method. The samples were characterized by powder X-ray diffraction and scanning electron microscopy. The fibrous particles with a diameter of 333 ± 10 nm were obtained. Nanoporous mesoporous SBA-15 was used as an adsorbent to adsorb Cd 2+ in water body. The effects of conditions such as acidity were studied, and the optimized adsorption conditions were obtained. The results showed that when the pH value was 5.0, the temperature was 25 ± 1 °C and the adsorption time was 40 min, the nanomesoporous SBA-15 had the best adsorption effect for Cd 2+ and the adsorption rate was reached 73.28% and the adsorption capacity was 9.84 mg/g. Study found that the adsorption is the quasi-second-order kinetic model, which belongs to the Freundlich adsorption type. The results of adsorption thermodynamics showed that when the temperature is 25-55 °C, the adsorption is spontaneous exothermic reaction, ∆G 0 < 0, the adsorption enthalpy change ΔH 0 = − 54.732 kJ/mol, the adsorption entropy change ∆S 0 = − 129.343 J/(mol K). The effects of nitric acid and hydrochloric acid on desorption were investigated, respectively. The results showed that the desorption effect of 0.1 mol/L nitric acid as desorbent was better than that of hydrochloric acid. At desorption for 10 h, the desorption rate was the highest, reaching 65.56%.
Introduction
With the rapid development of economy and society, more and more events on environmental pollution have aroused great concern in the whole society. A large number of pollutants, such as heavy metals, have been discharged into the water circulation system. Among them, cadmium compounds have become the main pollution source of heavy metal pollution in industry. Chemical, iron and steel, leather, electroplating, metal smelting and processing industries will produce a large amount of divalent cadmium. The toxicity of cadmium is great, the air and food polluted by cadmium are harmful to human body, and the metabolism is slower in human body (Zhang 1997) . A large number of studies have shown that industrial wastewater containing cadmium can be effectively treated by ion exchange, polymer membrane separation, chemical reduction, electrolysis and distillation electrodialysis method. Many methods have been successfully applied to environmental protection technology and have remarkable effect. However, a large number of secondary pollution and by-products still become a thorny problem (Che 1993; Deng et al. 2005; Li et al. 1994) . After the industrial heavy metal wastewater enters the domestic water system, it is difficult to remove the free ions of low concentration heavy metals. As a traditional treatment of water pollution, adsorption method has been paid attention to, but the physical and chemical properties of adsorbent affect the adsorption effect of heavy metal ions. The traditional activated carbon is expensive in cost (Clifford et al. 1986 ) and complex in regeneration, so it is not suitable for wastewater treatment of high concentration pollutants.
Mesoporous material (Dai et al. 2001; Jiang et al. 2003; Lin et al. 2003 , Liu et al. 2004 Zhu et al. 2001) , as a new burgeoning class of materials with wide application prospects, has potential applications in the field of research such as in separation, purification, nanoreactor, sensing devices, chemical synthesis and catalysts, energy, light, electricity and magnetic materials. It has the characteristics of quite high specific surface area, low relative density, high porosity, continuous adjustable pore size in a certain range and good hydrothermal stability. The limitation of pore size deficiency of microporous zeolite molecular sieve was overcome. It can adsorb pollutants more effectively, which can be used in environmental purification, adsorption catalysis and other fields. As an adsorbent (Pananyotova 2000) , the surface area of microporous material is smaller and the adsorption effect is not ideal. Nanomesoporous material not only plays a role in catalytic reactions such as macromolecular adsorption, but also it is a good adsorbent for heavy metals, which has been used in the adsorption of Pb(II), Ni(II) ion (Ghorbani et al. 2016) and Cu(II) ion (Dana and Sayari 2011) . As a nanomesoporous adsorption material, SBA-15 (Zhai et al. 2013 ) has large specific surface area and high adsorption capacity and it has obvious adsorption effect without adding any chemical reagents. Therefore, using SBA-15 to adsorb Cd 2+ in aqueous phase has the advantages of high efficiency, high speed, strong adaptability and easy operation. Other treatment methods introduce other substances, the operations are complex, the efficiencies are low, and the costs are high.
Experimental

Materials and method
Chemicals used
Synthetic reagents for SBA-15
Template tri-block copolymer poly(ethylene glycol)-blockpoly(propylene glycol)-block-poly (ethylene glycol] (P123, average molecular weight 5800, Aldrich), tetraethylorthosilicate (TEOS, The First Plant of Reagents of Shanghai City, China), hydrochloric acid (Beijing Chemical Plant, China).
Reagents for the adsorption of cadmium(II) by SBA-15
Cadmium chloride (Shanghai Jinshanting New Chemical Reagent Factory, China); phosphoric acid (Beijing Chemical Plant, China); acetic acid (Beijing Chemical Plant, China); boric acid (Beijing Chemical Plant, China); sodium hydroxide (Beijing Chemical Plant); nitric acid (Beijing Chemical Plant, China). The reagents used are analytical pure, and water is deionized water.
Cadmium standard solution (1 mg/mL): 0.20314 g CdCl 2 ·2.5H 2 O was weighed and placed to a beaker, dissolved in deionized water, transferred into 100 mL volumetric flask and diluted to the mark with deionized water.
Buffer solution (pH = 5.0): In 100 mL tri-acid (all the concentrations of phosphoric acid, acetic acid and boric acid were 0.04 mol/L), 35.0 mL of 0.20 mol/L NaOH solution was added.
Experimental method
Preparation of SBA-15
The specific method of hydrothermal synthesis of SBA-15 was as follows: 2 g P123 tri-block copolymer template was dissolved in 15 g deionized water and 60 g 2 mol/L hydrochloric acid solution and stirred, and 4.25 g TEOS was gradually added to the mixed solution. And at the constant temperature of 40 °C, continuous stirring was made for 24 h. Then, the mixed solution was added to a reactor and continuously crystallized for 48 h at 100 °C. After it, cooling, washing, filtering and room temperature drying were carried on, white powder was obtained and calcined at 550 °C for 24 h in a muffle furnace. After the template was removed successfully, white powder SBA-15 mesoporous molecular sieve was obtained (Zhai et al. 2013 ).
Study on Cd(II) adsorption by nanomesoporous SBA-15
The effect of pH on the adsorption of Cd 2+ Eight portions of 20 mL of Cd 2+ concentration 2.0 mg/mL working solution were taken out and placed in eight 100-mL beakers. Five milliliters of pH 1.0, 2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6.0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution was added, respectively, to adjust pH, and 15 mL deionized water was added to maintain 40 mL volume. 0.10 g of SBA-15 was weighed in turn, added to the above solutions and was continuously stirred at room temperature for 40 min. Then, filtration was made. The content of Cd 2+ in filtrate was determined by spectrophotometric method of 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP) (Luo and Lin 2003) , and the adsorption rate and adsorption capacity were calculated.
The effect of adsorbent dosage on the adsorption of Cd
2+
Four portions of 20 mL of Cd 2+ concentration 2.0 mg/mL working solution were taken out and placed in four 100-mL beakers. Five milliliters of pH 1.0, 2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6 .0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution was added, respectively, to adjust to the optimum pH, and 15 mL deionized water was added to maintain 40 mL volume. 0.050, 0.10, 0.15, 0.20 g of SBA-15 were, respectively, weighed, added to the above samples, and were continuously stirred at room temperature 25 °C for 40 min.
Then, filtration and drying was made. The filtrate was taken and determination of Cd 2+ content in filtrate was carried out by spectrophotometry with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol(5-Br-PADAP) (Luo and Lin 2003) , and the adsorption rate and adsorption capacity were calculated.
The effect of temperature on the adsorption of Cd 2+ Four portions of 20 mL of Cd 2+ concentration 2.0 mg/mL working solution were taken out and placed in four 100-mL beakers. 5 mL of pH = 5.0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution were added, respectively, to adjust to the optimum pH, and 15 mL deionized water were added to maintain 40 mL volume. 0.10 g of SBA-15 adsorbent were weighed, respectively, added to the above samples, and were stirred at 4, 25, 35, 45 °C for 40 min. Filtration was made. The filtrate was taken and determination of Cd 2+ content in filtrate was carried out by spectrophotometry with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP) (Luo and Lin 2003) , and the adsorption rate and adsorption capacity were calculated.
The effect of initial concentration on the adsorption of Cd 2+ Six portions of 20 mL of Cd 2+ concentration 1.0, 1.6, 2.0, 2.4, 3.0, 4.0 mg/mL working solution were taken out and placed in six 100-mL beakers. Five milliliters pH = 5.0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution was added, respectively, to adjust to the optimum pH, and 15 mL deionized water was added to maintain 40 mL volume. 0.10 g of SBA-15 adsorbent were weighed, respectively, added to the above samples, and were stirred at room temperature 25 °C for 40 min. Filtration was made. A suitable filtrate was taken and determination of Cd 2+ content in filtrate was carried out by spectrophotometry with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PAD AP) (Luo and Lin 2003) , and the adsorption rate and adsorption capacity was calculated.
The effect of contact time on the adsorption of Cd 2+ Six portions of 20 mL of Cd 2+ concentration 2.0 mg/mL working solutions were taken out and placed in six 100-mL beakers. 5 mL pH = 5.0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution was added, respectively, to adjust to the optimum pH, and 15 mL deionized water was added to maintain 40 mL volume. 0.10 g of SBA-15 adsorbent were weighed, respectively, added to the above samples, and were stirred at room temperature 25 °C for 10, 20, 30, 40, 50, 60 min. Filtration was made. A suitable filtrate was taken and determination of Cd 2+ content in filtrate was carried out by spectrophotometry with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PAD AP) (Luo and Lin 2003) , and the adsorption rate and adsorption capacity were calculated.
Study on desorption
20 mL of Cd 2+ concentration 2.0 mg/mL working solution were taken out and placed in a 100-mL beaker. Five milliliters pH = 5.0 tri-acid (phosphoric acid, acetic acid, boric acid)-NaOH buffer solution was added, to adjust to the optimum pH, and 15 mL deionized water was added to maintain 40 mL volume. 0.10 g of SBA-15 adsorbent were weighed, added to the above sample, stirred at room temperature 25 °C for 40 min, and filtrated. The solids obtained after filtration were added to a 50-mL beaker, and 10 mL of nitric acid or hydrochloric acid was added, respectively. It was desorbed at 25 °C for 2, 4, 6, 8, 10, 12 h. After the desorption, filtration was carried out. A suitable filtrate was taken, and determination of Cd 2+ content in filtrate was carried out by spectrophotometry with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP) (Luo and Lin 2003) , and the desorption rate was calculated.
Principles: adsorption kinetics, isotherm, thermodynamics
Study on adsorption kinetics In this study, the adsorption mechanism of Cd 2+ by SBA-15 was studied by using the adsorption kinetic models commonly used at present, namely quasi-first-order kinetic and quasi-second-order kinetic adsorption rate models.
Quasi-first-order adsorption kinetic model The quasi-firstorder kinetic adsorption equation, namely the Lagrange equation, can be expressed as (Lagergren 1898): where q e is equilibrium adsorption capacity, mg/g; q is the amount of adsorption at a certain time, mg/g; and k 1 is the rate constant of adsorption kinetics.
The formula (1) can be integrated from t = 0 to t > 0 (q = 0 to q > 0), and the form of a straight line of the equation can be obtained: where q e is equilibrium adsorption capacity, mg/g; q is the amount of adsorption at a certain time, mg/g; and k 2 is the rate constant of adsorption kinetics.
Quasi-second-order adsorption kinetic model
The formula (3) can be integrated from t = 0 to t > 0 (q = 0 to q > 0), and the form of a straight line of the equation can be obtained:
Study on adsorption isotherm
Langmuir and Freunlich isothermal model equations can be used to calculate the parameters of related adsorption properties. The Langmuir adsorption isotherm formula is (Langmuir 1918): where the equilibrium loading capacity of adsorbent can be expressed by q e (mg/g), q m (mg/g) is the maximum adsorption capacity of monolayer covering, C e (mg/L) is the equilibrium concentration of adsorbent, and K L (L/mg) is the adsorption equilibrium constant.
Freundlich-type adsorption isotherm is an empirical adsorption equilibrium model based on adsorption of adsorbent on multiphase surface. The formula is (Freundlich 1906 ):
In the formula, q e is the adsorption amount when adsorption reaches equilibrium, mg/g; C e is the concentration of adsorbate in solution at adsorption equilibrium, mg/L; and K F is the constant related to adsorption capacity and adsorption strength under Freundlich model. 1/n is the Freundlich constant. The K F , n value can very well reflect the adsorption performance choiceness of the adsorbent. The Freundlich adsorption isotherm can be obtained by plotting using lnq e versus lnC e under different temperature conditions.
When the Freundlich index is n < 0.5, the adsorption is difficult to carry out. When n < 1, the adsorption is nonpreferential type one. When n = 1, the adsorption is linear. At the time of n > 1, the adsorption is preferential one. That is, the molecular affinity of adsorbate molecules and solid adsorbent decreases with the increase in temperature, and the isotherm slope decreases with the increase in adsorbate concentration in the fluid.
Study on adsorption thermodynamics
Through the calculation of adsorption thermodynamics, the trend, degree and driving force of adsorption process can be successfully simulated. The thermokinetic characteristics of solute adsorption are usually be expressed by using the following equations (Gerel et al. 2007 ):
In the formula, K c is the equilibrium constant, Q e (mg/g) is the equilibrium adsorption capacity, C e (mg/mL) is the equilibrium adsorption concentration, ΔG 0 (kJ/mol) is the free energy variation value of the adsorption process, the gas constant is R = 8.314 J/(mol K), T is the thermodynamic absolute temperature (K), ΔH 0 (kJ/mol) is the enthalpy change value of adsorption process, and ΔS 0 [J/(mol K)] is entropy variable value. The adsorption thermodynamic curve was done with 1/T as the transverse coordinate and lnK c as the vertical coordinate.
Instruments and characterization
A 722S spectrophotometer (Shanghai Lengguang Technology Co., Ltd., China) was used in the determination of cadmium content. D5005 type X-ray diffractometer (XRD, German Siemens Company) was used to carry out powder X-ray diffraction experiment. Cu-Kα target and λ = 1.5418 Å was used. The operating voltage and current was 50 kV, 150 mA, respectively. The scanning range and the step length was 0.4°-10°, 0.02°, respectively. The high-resolution transmission electron microscopy (HRTEM) photo-experiment was carried out in FEI Tecnai G2 F20 field emission TEM to observe the structure morphology of the sample. The working voltage was 200 kV. The scanning electron microscope (SEM) photograph was determined and obtained by Philips XL30 field emission SEM to observe the size and morphology of the sample, and the operating voltage was 20 kV. The specific surface area, pore volume and pore size distribution of the sample were measured by low-temperature nitrogen adsorption-desorption experiment and were measured by ASAP 2020 V3.01H adsorption analyzer made by American Micromerities Company at 77 K liquid nitrogen. Before determination, the sample was activated at vacuum at 363 K for 12 h. The data were calculated by using the Bdb (Broekhoff and de Boer) method (Brokhoff and Boer 1968) . The pore size distribution was measured by BJH (Barrett-Joyner-Halenda) method (Brunauer et al. 1938) and the specific surface area was determined by BET (Brunner-Emmett-Teller) method (Barrett et al. 1951) .
Results and discussion
Sample characterization
The powder XRD pattern of the sample SBA-15 is shown in Fig. 1 . By observing the XRD diffraction peaks of the sample, it is found that these peaks are in good agreement with those reported in the literature (Zhai et al. 2013 ) and have the typical characteristic peaks of SBA-15. Therefore, the prepared sample is SBA-15. Figure 2 is transmission electron microscope (TEM) diagrams of SBA-15 obtained from different angles, figure (A) is a high-resolution TEM photograph taken by SBA-15 perpendicular to the channels, and figure (B) is a TEM photograph taken from a direction parallel to the holes. It can be seen by TEM picture that the pore stripes are clear and ordered, which indicates that the prepared SBA-15 material is a typical mesoporous material. TEM images show that the SBA 15 molecular sieve has a planar hexagonal mesoporous structure with a pore size of 9.4 ± 0.1 nm. Figure 3 shows the SEM photograph of the sample SBA-15. It can be seen from the SEM photograph that the appearance of the sample is very regular and presents wheat spike shape, with a size of 333 ± 10 nm. Figure 4 gives the low-temperature nitrogen adsorption-desorption isotherm of SBA-15 sample at 77 K. According to the classification of IUPAC, the adsorption isotherm of SBA-15 belongs to IV type adsorption isotherm. In the isotherm, the H 1-hysteresis ring emerges, showing that the holes are cylindrical pores. There is an obvious branch of adsorption and desorption in the characteristic hysteresis ring of nitrogen adsorption-desorption isotherm of the prepared SBA-15. With the change of pressure, nitrogen molecules gradually transfer to multi molecular adsorption by monolayer dispersion. Over the range of relative partial pressure (p/p 0 ) 0-0.685, with the increase in the relative partial pressure, the molecules are adsorbed on the outer surface of mesopores by monolayer to multilayer, and the adsorbed nitrogen volume increases. Because the capillary condensation begins on the annular adsorption film on the hole wall, and the desorption begins from the spherical meniscus of the orifice, thus a hysteresis ring in the adsorption-desorption isotherm often exists. When the relative partial pressure reaches 0.685, because of the phenomenon of capillary condensation, sudden jump phenomena appear in the adsorption branch and desorption branch of the adsorption-desorption isotherms. When the relative partial pressure reaches 0.872, the desorption and adsorption curves on the isothermal diagram re-coincide, indicating that the hysteresis of N 2 desorption disappears and the filled gas is filled with mesoporous channels of molecular sieve. The phenomenon of capillary condensation will gradually form on the surface of the material, because of the change of pressure, the phenomenon of condensation will change inversely, which will make the hysteresis of desorption branch disappear. The pore size distribution of adsorbent SBA-15 is as shown in Fig. 4 . It can be seen from the diagram that the pore size distribution of the sample is relatively narrow and the most probable pore size is 11.02 nm. Table 1 lists the basic physicochemical properties of structural characterization of SBA-15.
Influence of the adsorption conditions on adsorption efficiency
Effect of the initial pH value of solution on Cd
2+ adsorption
Solution pH is one of the most important factors affecting the adsorption rate of adsorbate and the capacity of adsorbent for adsorbate. The efficiency of adsorption is dependent on the solution pH value, because variation in pH leads to the variation in the degree of ionization of the adsorptive molecule and the surface properties of adsorbent. The effect of the initial solution pH value on the adsorption rate and adsorption capacity of Cd 2+ (Fig. 5) shows that with the increase in pH value the adsorption rate and adsorption capacity of cadmium increase and reach the maximum values when pH is 5.0. Then it decreases with the increase in pH value. When the pH value is 5.0, the maximum adsorption rate and adsorption capacity are 73.28% and 9.84 mg/g, respectively. The results show that the mesoporous SBA-15 molecular sieve can adsorb Cd 2+ very well under the condition of weak acidity. Under the condition that the pH value is less than 5.0, the positive charge on the surface of SBA-15 increases, so the adsorption capacity of Cd 2+ is lower. However, when the pH value is greater than 5.0, Cd 2+ is hydrolyzed and the existence quantity of Na + is increased, which competes the adsorption sites on SBA-15 surface with Cd 2+ , thus reducing the adsorption capacity of Cd 2+ .
Effect of SBA-15 dosage on Cd 2+ adsorption Figure 6 shows the relationship pattern of effect of the amount of adsorbent on the adsorption rate and the adsorption capacity of Cd
2+
. It can be seen that with the increase in the amount of adsorbent, the adsorption rate shows increase trend, reaching the maximum at 0.10 g. The maximum adsorption rate was 73.28%; then, the adsorption was in equilibrium. And the adsorption capacity increased first and reached the maximum at 0.10 g. The maximum adsorption capacity was 9.84 mg/g. After that, the adsorption was in Fig. 4 Nitrogen adsorption-desorption pattern of SBA-15 sample and pore size distribution pattern equilibrium, indicating that the adsorption sites provided by SBA-15 increased with the increase in the amount of adsorbent, which made the competition of Cd 2+ on the surface of adsorbent reduce and the adsorption capacity was decreased. Therefore, the optimum amount of adsorbent selected was 0.10 g.
Effect of temperature on the adsorption of Cd
2+
Figure 7 displays the curve of the relationship between temperature and the adsorption rate of cadmium as well as temperature and adsorption capacity. It can be seen from the figure that the adsorption rate and adsorption capacity increase first and then decrease with the increase in temperature. At a room temperature of 25 °C, the adsorption efficiency is the best, and the maximum adsorption rate and adsorption capacity are 73.28% and 9.84 mg/g, respectively. The relationship between temperature and cadmium adsorption effect shows this trend, which is because SBA-15 adsorption Cd 2+ is physical adsorption and adsorption process is endothermic at 4-25 °C. At 25-45 °C, it is chemisorption and the adsorption process is exothermic.
Effect of the initial concentration of Cd
2+
on adsorption effect Figure 8 is a diagram of the effect of initial concentration of Cd 2+ on the adsorption rate and adsorption capacity of Cd 2+ . It can be seen from the diagram that with the increase in the initial concentration of Cd 2+ the adsorption rate and adsorption capacity showed the same trend, gradually increased in the range of 0-1.0 mg/mL, reached the maxima at 1.0 mg/ mL, and then decreased gradually. Therefore, synthetically considering the adsorption rate and adsorption capacity, the initial concentration of Cd 2+ selected is 1.0 mg/mL. At this time, the maximum adsorption rate is 73.28% and the maximum adsorption capacity is 9.84 mg/g. Figure 9 is the relationship diagram of the effect of contact time on the adsorption rate and adsorption capacity of Cd 2+ . It can be seen from the diagram that with the increase in contact time, the adsorption rate and adsorption capacity showed the same trend. Both increased in the range of 0-40 min, reached the maxima at 40 min, and reached equilibrium after 40 min, indicating that the adsorption reached equilibrium at 40 min at contact time. The maximum adsorption rate and adsorption capacity were 73.28% and 9.84 mg/g, respectively.
Effect of contact time on the adsorption result of Cd
2+
To sum up, under the condition of 25 ± 1 °C at room temperature, pH is 5.0, the dosage of adsorbent SBA-15 is 0.10 mg/mL and the initial concentration of Cd 2+ is 1.0 mg/ mL, the volume is 40 mL system, the contact time is 40 min, the adsorption rate of Cd 2+ can reach 73.28%. The adsorption capacity of Cd 2+ is 9.84 mg/g.
Adsorption kinetics study
Figures 10 and 11 are the result pattern obtained by fitting the experimental results of adsorption kinetics using quasifirst-order kinetic equation and quasi-second-order kinetic equation, and Table 2 shows the kinetic corresponding parameters. The results show that by fitting the quasi-firstorder kinetic equation and combining with the experimental data, the adsorption equilibrium capacities of different concentrations have big gaps with the experimental results. However, by using the quasi-second-order kinetic equation to fit, the calculated values of equilibrium adsorption capacity of each concentration are basically close to the experimental values, and the correlation coefficients are larger, so the kinetics of Cd 2+ adsorption system by SBA-15 accords with the quasi-second-order kinetic equation.
Study on adsorption isotherm
The 
Adsorption thermodynamics study
The adsorption thermodynamic curve equation of SBA-15 adsorption Cd 2+ process is: ln(q e /c e ) = 4.8553/T − 11.695, and the correlation coefficient R = 0.9923. The linear effect is good (Fig. 14) . The Gibbs free energy change, the adsorption enthalpy change and the adsorption entropy change in adsorption process can be calculated according to the corresponding formula (Gerel et al. 2007 ). It can be seen from Table 5 that the Gibbs free energy change ∆G 0 < 0 of process of the adsorption of cadmium by SBA-15 indicates that the adsorption reaction takes place spontaneously. And ∆G 0 is in the range of 0 to − 20 kJ/mol (Gerel et al. 2007) , so the adsorption of Cd 2+ by SBA-15 is physical adsorption. From the calculation results, it can be seen that the absolute value of ∆G 0 decreases when the temperature is higher, which indicates that the spontaneous trend of adsorption process will change with the change of temperature. When the temperature increases, it is unfavorable to the adsorption. For this adsorption, ∆H 0 = − 54.732 kJ/ mol < 0, the reaction is exothermic. ∆S 0 = − 129.343 J/(mol K), is negative, which indicates that the adsorption process is a process of entropy decreasing. After adsorption, the degree of freedom of adsorbate molecules is decreased and the order degree of molecular arrangement is increased.
Desorption study
The desorption curves of (SBA-15)-Cd that have already adsorbed Cd 2+ were carried out by using 0.1 mol/L nitric acid and hydrochloric acid, which can be seen from Fig. 15 . The desorption rate increased with the increase in time in 2-10 h, reached its maximum at 10 h, and began to decrease after 10 h. Moreover, the desorption effect of nitric acid is better than that of hydrochloric acid. Therefore, compared nitric acid with hydrochloric acid, nitric acid is a better desorption agent with the maximum desorption rate of 65.56%. 
